Sex exchange is associated with HIV and other morbidities yet has received little research, surveillance, and programmatic attention in the U.S. This study identified correlates of exchange sex and among low-income women in Baltimore, Maryland. Participants were recruited into the National HIV Behavioral Surveillance (NHBS) system in 2013 using respondent driven sampling (RDS) and completed a survey and HIV testing. The analytic sample (n = 253) consisted of women aged ≥18 years who had recent (past year) heterosexual sex. Multivariable logistic regression identified correlates of recent exchange sex. Independently associated with recent exchange sex were history of injection drug use (adjusted odds ratio (AOR) = 3.4, 95% CI: 1.1-10.3), recent prescription painkiller use (AOR = 3.7, 95% CI: 1.4-9.9), recent crack/cocaine use (AOR = 6.6, 95% CI: 2.1-20.9), recent arrest (AOR = 4.1, 95% CI: 1.2-14.8), and recent consistent condom use (AOR 1.1; 95% CI: 1.0-1.3). Women who exchanged sex exhibited heightened social and structural vulnerability and substance use. These data demonstrate the need for further research examining the context of exchange sex among low-income women and synergies between substance use and HIV risk.
Three decades into the HIV epidemic, high HIV/STI rates persist among women engaged in sex work globally (Baral et al., 2012; Dunkle, Wingood, Camp, & DiClemente, 2010; Exner, Dworkin, Hoffman, & Ehrhardt, 2003; Jenness et al., 2011; Patterson et al., 2008; Platt et al., 2007) . Sex work encompasses a broad range of situations from informal survival sex to more formal sex work in which women view sex work as an occupation (Jenness et al., 2011; Vanwesenbeeck, 2001) . UNAIDS defines sex work broadly as the exchange of sex for money or other goods, including occasional transactions (UNAIDS, 2012) . In a recent meta-analysis of studies from low and middle-income countries, HIV prevalence among women who exchange sex (WES), was 13 times higher than similarly aged women who did not exchange sex (Baral et al., 2012) . Infectious diseases are often occupational hazards of sex work in the context of illegal sex markets, facilitated by multiple sex partners, inconsistent condom use, and high-risk sex partners (Brantley et al., 2016; Loza et al., 2010; Patterson et al., 2008; Sanders, 2004; Shannon et al., 2015) . In criminalized environments, WES experience a unique set of vulnerabilities associated with social and structural factors such as stigma and unsafe work environments (Agha & Chulu Nchima, 2004; Argento et al., 2011; Arnott & Crago, 2009; Human_-Rights_Watch & WASO, 2013; Wojcicki & Malala, 2001) . On an individual level, sex work can introduce risk through compromised condom negotiation or rushed negotiations (Alam et al., 2013) , and substance use is often used as a coping mechanism (Nemoto et al., 2008; .
In the U.S., where sex work is criminalized except for in some parts of Nevada, little is known about the burden of HIV among women who exchange sex for money, goods (e.g., drugs or food), or favors (e.g., housing) as well as its nature and scope, resulting in a dearth of information about sex work's role in the U.S. HIV epidemic. In a meta-analysis of any studies in the U.S. examining HIV among WES, only two of the 14 had occurred within the past ten years (Paz-Bailey, Noble, Salo, & Tregear, 2016) . The pooled HIV prevalence was 17.3%, with prevalence varying considerably across studies (0.3%-30%) and representativeness was hampered by nonprobability (e.g., snowball) recruitment methods. A number of earlier studies have examined the association between sex work and HIV infection, focused primarily on drug users such as crack cocaine smokers (Edlin et al., 1994; Elwood, Williams, Bell, & Richard, 1997; Ross, Hwang, Zack, Bull, & Williams, 2002; Weatherby et al., 1992) , people who inject drugs (Astemborski, Vlahov, Warren, Solomon, & Nelson, 1994; Strathdee et al., 2011) , and clinical populations (e.g., family planning, drug treatment) Dunkle et al., 2010; el-Bassel, Simoni, Cooper, Gilbert, & Schilling, 2001) . Further, HIV prevalence estimates among WES and comparability between studies is hampered given a lack of standard definition of sex work.
The existence of sex work as well as its role in the U.S. HIV epidemic has been assumed minimal given the dearth of empirical data (Decker, Beyrer, & Sherman, 2014 ). In the current study, we aim to characterize sex work and its correlates among women who have heterosexual sex recruited through the National HIV Behavioral Surveillance (NHBS) system in Baltimore, MD.
Methods
This analysis was conducted with data from the Behavioral Surveillance Research (BESURE) Study, the Baltimore site of the NHBS system (Towe et al., 2010) . NHBS is a CDC-funded surveillance system in approximately 21 cities in the United States with high HIV prevalence. The purpose of NHBS is to measure HIV prevalence, HIV risk behaviors, HIV testing behaviors, and exposure to prevention services over time among persons at high risk for incident HIV infection (Gallagher, Sullivan, Lansky, & Onorato, 2007) . BESURE serves to guide prevention and HIV counseling and testing services in Baltimore. NHBS is conducted as serial cross-sectional surveys, and includes cycles for men who have sex with men (MSM), injection drug users, and heterosexuals at high risk of HIV infection (HET). People are eligible for the HET cycle if they are 18-60 years old, identify as male or female, and have had at least one heterosexual partner in the past 12 months (Towe et al., 2010) . The NHBS-HET protocol was approved by Institutional Review Boards at the Johns Hopkins Bloomberg School of Public Health and the Maryland Department of Health and Mental Hygiene.
Study population
Data for this analysis comes from the 2013 HET3 cycle, which recruited participants from September-December 2013 using respondent driven sampling (RDS) (Heckathorn, 1997) . Ten people were initially recruited as seeds who reported an opposite sex partner in the past year, had never injected drugs and either reported living in census tracts identified to be in the top quintile most affected by poverty and HIV in the Baltimore-Towson metropolitan area, had socio-economic status (SES) below the federal poverty guidelines (Towe et al., 2010) . These seeds were each given 5 coupons to distribute to their network, and each subsequent recruit was given 3-5 coupons, leading to 0-15 waves of recruitment per seed. Eligible participants were enrolled after completing informed consent procedures, and trained interviewers administered an anonymous survey using computer assisted personal interviews. The survey included questions on demographic indicators, HIV risk behaviors, drug use, and health utilization. After the interview, Maryland state-certified HIV counselors conducted HIV pre-test counseling and performed whole blood collection through phlebotomy for rapid and confirmatory HIV testing. Participants were compensated $25 for the survey, $25 for the HIV test plus $10 for each successful referral. This analysis was restricted to females aged 18 and over who reported sexual intercourse with a male in the past 12 months (N = 253/518).
Measures
The outcome of interest is recent history of engaging in exchange sex, defined here as sex exchanged for things like money or drugs in the past 12 months, which was asked separately for main and casual partners and for male and female partners. A dichotomous variable was created (any exchange sex in the past 12 months; yes/ no) collapsing responses across partner type and gender. Covariates of interest fell into broad categories of demographics and HIV risk factors.
Age, ethnicity/race, marital status, yearly income, education and employment were categorized. Sexual orientation was dichotomized as heterosexual versus bisexual or gay/lesbian/homosexual. Additional variables included recent (past 12 months) arrest and recent homelessness, defined as "living on the street, in a shelter, in a Single Room Occupancy hotel (SRO), or in a car."
Sexual behavior variables were dichotomous with the exception of condom use which was categorized as consistent condom use with all, some, or none of the respondent's sexual partners in the past 12 months. Sexual behavior variables in the past 12 months for main and casual partners were dichotomized around mean values (e.g., the number of sexual partners, the number of partners with whom participants had unprotected sex, and age of sexual debut). Dichotomous drug use variables include history of ever and recent (past 12 months) injection and non-injection drug use. Additional variables include self-reported diagnosis with chlamydia or gonorrhea in the past 12 months, and self-reported lifetime diagnosis with Hepatitis B or C.
Analyses
All analyses were performed using SAS 9.4 Statistical Software (SAS Institute Inc., Cary, NC, USA) and the CDC version of the Respondent Driven Sampling Analysis Tool (RDSAT, version v.8.1.45). Bivariate analyses were performed between exchange sex and all demographic and risk factor covariates (Tables 1 and 2) , and weighted proportions were calculated using individualized RDS sampling weights based on the transition matrix for each independent variable (Salganik & Heckathorn, 2004 ). Below we report proportions and comparisons of the crude data, given that the original sample included men and therefore recruitment chains which were mixed gender, were not maintained in the analytic sample. For demographic factors, homophily values (ranging from −1 to + 1) are reported. For statistical comparisons, p-values were calculated using chi-squared tests using RDS sampling weights for exchange sex category. Multivariate analysis was conducted using logistic regression with exchange sex as the dependent outcome, incorporating individualized RDS sampling weights based on the transition matrix for the independent variable, exchange sex. Due to the exploratory nature of the study, covariates were included in crude multivariate models if p-values from bivariate analyses were less than 0.10, or if the prior literature suggested a relationship. The model was reduced using backwards stepwise regression and Akaike information criterion (AIC) optimization methods to achieve the most parsimonious model. Demographic variables were added first and then reduced, and then risk factor variables were added and reduced for the final model.
Due to poor fit of existing condom-related variables in the multivariate model, a new variable to explore condom use was developed for the multivariate analysis. Percentage of partners with whom condoms were always used was computed and presented as a continuous variable from 0 to 100%. This serves to avoid biasing results towards people who engage in exchange sex, who are expected to have a higher number of partners. Inclusion of this variable improved model fit statistics to a higher degree than dichotomous or categorical condom use variables used in the original bivariate analysis.
Results
Total, crude, and RDS-adjusted proportions of demographic variables are reported in Table 1 with crude proportions reported throughout the results. The sample was comprised of 253 women who reported having sex with a member of the opposite sex in the past 12 months. Of these participants, the median age was 32.6 years old, 87% identified as black/African American, and 57% reported graduating from high school or obtaining a GED. The majority of women reported economic challenges, with 61% identifying as unemployed or unable to work and 47% reporting yearly household income as less than $10,000 USD. Thirteen percent of respondents were arrested in the past 12 months, 15% reported homelessness in the past 12 months, and 6% reported current homelessness. Twenty-nine percent of participants reported exchange sex for money or drugs in the past 12 months.
There were a number of differences between WES and women who did not exchange sex (NWES). WES were significantly older than NWES (39.7 years vs. 30.1 years respectively, p = 0.006). WES were significantly more likely to report being homosexual/bisexual compared to NWES (35% vs. 20%, p = 0.02), being unemployed or unable to find work (86% vs. 54%, p = 0.0002), having been arrested in the past 12 months (35% vs. 7%, p < 0.0001); and having been homeless in the past 12 months (21% vs. 8%, p = 0.05) compared to NWES.
WES and NWES also varied in lifetime and recent sexual behaviors, drug use, and health seeking behaviors (see Table 2 ). Compared to NWES, WES were significantly more likely to report: ≥5 male sexual partners in the past year (43% vs. 2.3%, respectively); ≥3 unprotected male sexual partners (54% vs. 12%, p < 0.001); always using a condom with all sex partners (15% vs. 12%, p = 006); and an age of sexual debut <16 years (73% vs. 48%, p = 0.04). Compared to NWES, WES were significantly more likely to report: drug use at the last sex (73% vs. 48%, p < 0.05), any history of injection drug use (51% vs. 9%, p < 0.0001) current injection drug use (32% vs. 3%, p < 0.0001), recently smoked crack or cocaine (67% vs. 4%, p < 0.0001), ingested methamphetamines (11% vs. 0.4%, p < 0.0001), smoked/ snorted heroin (41% vs. 7%, p < 0.0001), used downers such as Xanax (37% vs. 4%, p < 0.0001), prescription painkillers (44% vs. 15%, p < 0.0001), or ecstasy (19% vs. 6%, p = 0.02). A significantly higher proportion reported having been diagnosed with HCV (36% vs. 8%, p < 0.05) and a significantly lower proportion tested positive for HIV (1.4% vs. 8.6%, p = 0.02) of NWES compared to WES.
Results from the multivariate analysis are presented in Table 3 . In multivariate analysis controlling for age, having recently exchanged sex was positively and significantly associated with having a history of injection drug use (adjusted odds ratio (AOR) = 3.35, 95%CI: .3% (4.5-41.5) 6.1% (1.1-12.9) @ Chi-square P values based on percent RDS-weighted by outcome variable (exchange sex). *P value < 0.05; **P value < 0.01; ***P value < 0.001;^Reported for vaginal sex.
1.09-10.29); use of prescription painkillers (AOR = 3.69, 95%CI: 1.38-9.89); use of crack/cocaine (AOR = 6.55, 95%CI: 2.05-20.93; recent history of arrest (AOR = 4.13, 95%CI: 1.16-14.78); and recent consistent condom use (AOR 1.13; 95%CI: 1.01-1.25).
Discussion
This study adds to a small body of literature examining factors associated with sex exchange among heterosexual women in the U.S. (Cohan et al., 2006; Decker et al., 2012; Dunkle et al., 2010; Edwards, Iritani, & Hallfors, 2006; el-Bassel, Simoni, et al., 2001; Paz-Bailey et al., 2016; Reuben, Serio-Chapman, Welsh, Matens, & Sherman, 2011) . WES are a population that has been disproportionately burdened by HIV and other morbidities worldwide but have received little research, surveillance, and programmatic attention in the U.S. Among this socioeconomically marginalized sample of women considered to be at increased risk for heterosexual HIV transmission (Reilly, German, Serio-Chapman, & Sherman, 2015; Sionean, Lewis, Nerlander, & Paz-Bailey, 2015) , WES reported higher unemployment, lifetime and recent arrests and recent homelessness compared to their counterparts who did not report engaging in sex work. WES were significantly more likely to have an earlier age of sexual debut, have used drugs at last sexual intercourse, and have a higher prevalence of injection and extensive non-injection drug use. However, WES were more likely to use condoms consistently with all partners compared to NWES, which is in part supported by studies that have found WES to report consistent condom use with their clients as a form of occupational safety (Lippman et al., 2012) . Given that condom use among WES varies widely globally, future research should contextualize this finding further, for example, whether condom use depends on the familiarity with the paying client, experiences with violence, or the setting in which sex work occurs. These data expose the multiple and complex vulnerabilities in which sex work is positioned in this population, with sex exchange likely employed as a survival strategy for many study participants (Pinkham & Malinowska-Sempruch, 2008; Stratford, Mizuno, Williams, Courtenay-Quirk, & O'Leary, 2008) . The vulnerability among women who reported sex exchange is accentuated given the illegal nature of sex work, resulting in a legal environment that affords them little protection to them as women and as sex workers (Buttram, Surratt, & Kurtz, 2014; Krusi et al., 2012; Neal, Green, & Ward, 1997; Varga & Surratt, 2014) .
The density of vulnerability was elevated among WES, potentially indicating how sex work can amplify existing susceptibilities to morbidities such as HIV. Several recent studies have examined multidimensional constructs of structural vulnerability in association with sex exchange, underscoring the complex and synergistic nature of factors that are often reported independently and therefore devoid of their multidimensionality (Brantley et al., 2016; Reuben et al., 2011) . In latent class analysis of sex workers (N = 635), higher stability (e.g., residential stability, higher income, less arrests) was associated with a decrease likelihood of sex exchange (German & Latkin, 2012) . A recent latent class analysis of structural vulnerability of exotic dancers (N = 117) found that women in the high vulnerability group were more likely to report sex exchange and illicit drug use compared to those in the low vulnerability group (Brantley & Sherman, 2016) . Sex work appears to occur in a context of accumulated and interacting vulnerabilities that should be acknowledged when conducting research on WES health and/or planning interventions to address HIV/STI risk among WES.
The current sample was characterized by extremely high levels of injection and non-injection drug use, with WES reporting significantly higher levels of lifetime and recent drug injection, and recent smoking crack cocaine, smoking/snorting heroin, and ingesting "downers," prescription painkillers, and ecstasy. Over twothirds of WES reported recent crack smoking, and this variable had the strongest association with WES in the presence of other variables. The synergy between crack use and sex exchange among some women have been extensively described (Elwood et al., 1997; Maher & Curtis, 1992; Ross, Hwang, Leonard, Teng, & Duncan, 1999) . Given the rise of prescription drugs, less treatment and intervention focus has been placed on crack cocaine dependence, although understanding the complexity of its role in sex exchange against the changing landscape of urban drug use patterns is merited. Substance use can exacerbate sexual risk while also serving as a coping Proportion condom use × 10 a 1.14 (1.03-1.26) 1.13 (1.01-1.25) a 10% increase in proportion of partners used condoms with in past 12 months. @ crude odds ratios (OR) and adjusted odds ratios (AOR) with confidence intervals (CIs).
mechanism (Nemoto et al., 2008; Sherman, Reuben, Chapman, & Lilleston, 2011) . Past and current sexual and physical abuse are also associated with drug use and further heighten vulnerability to HIV/STI infection for WES (El-Bassel, Witte, Wada, Gilbert, & Wallace, 2001; Sanders, 2001; Shannon et al., 2008; Ulibarri et al., 2015) . Further, WES experience high burden of mental health co-morbidities (i.e., depression, anxiety) (Roxburgh, Degenhardt, & Copeland, 2006; Ulibarri et al., 2009) . NWES had a significantly higher HIV prevalence compared to WES, which possibly was driven by compromised statistical power given the small number of WES with HIV infection (n = 3). Further caution should be used when interpreting this finding given the broad definition of sex exchange in this sample. The low number of sex exchange partners likely reflects the fact that these women exchange sex casually more in the context of survival sex or drug acquisitiongiven their exceedingly high rates of drug use. More research is needed to understand the social context and nature of sex exchange in this population. The extent of risk behaviors and multidimensionality of structural factors associated with sex work begs the question why there is such limited public health research and practice attention to this population in the U.S. It has been hypothesized that the dearth of research on sex work is partially driven by the antiprostitution loyalty oath, better known as the "Prostitution Pledge" (Forbes, 2015) , which was language inserted into the legislation implementing the President' s Emergency Plan for AIDS Relief (PEPFAR) in 2003. The pledge stated, "no. funds … may be used to provide assistance to any group or organization that does not have a policy explicitly opposing prostitution and sex trafficking." Albeit intended for international settings, this policy influenced the domestic funding agenda. This very public change in policy led many researchers in question to shift their topic of inquiry or sensor language used, omitting flag words such as sex worker or harm reduction (Kempner, 2008) . The U.S. Supreme Court deemed the Prostitution Pledge a violation of free speech of U.S. based organizations, although international organizations are not afforded this U.S. constitutional right. The total of these events effectively dampened studies focusing on sex workers in the U.S. Our understanding of the population has been gleaned indirectly from studies of that include women who exchanges sex, such as women in drug treatment, family planning clinic attendees, or national surveys (Cohan et al., 2006; Decker et al., 2012; Dunkle et al., 2010; Edwards et al., 2006; el-Bassel, Simoni, et al., 2001) . The pledge was reinstated by President Donald Trump three days into his tenure as President.
There are several study limitations. The measure of sex work used by NHBS lacked specificity by not explicitly mentioning exchange of sex for goods (e.g., food) or favors (e.g., housing) in addition to receiving money and drugs (Vanwesenbeeck, 2001) . The survey also did not ask about recency, frequency or context of sex work, which limits the ability to understand different contexts of sex work and potentially varying pathways to risk and HIV exposure. Given the broad characterization of sex exchange, comparisons of the current findings to other studies of WES characterized by a more specific definition are compromised. But, the wide range of the number of clients in the past year in our sample and lower number compared to existing studies on sex work in the U.S. context suggests that these women represent an understudied subset of WES with a unique set of characteristics and vulnerabilities compared to other more commonly studied WES populations such as street-based WES (Surratt, Inciardi, Kurtz, & Kiley, 2004) or WES who inject drugs (Astemborski et al., 1994) . Indeed, the peer-driven RDS methodology used in our study allows for the recruitment of hidden and marginalized populations who often do not participate in research. The study was not powered to estimate stable HIV prevalence among women who exchange sex, as indicated by the large confidence intervals. The timing of HIV infection and initiation or duration of transactional sex engagement is unknown and could have affected the significance of the relationship between being a WES and HIV infection.
Our study adds to the limited empirical literature on WES health in the U.S. context. Even with this relatively broad definition of sex work in terms of the frequency of engaging in sex exchange, WES in our sample have heightened social and structural vulnerability compared with women who do not exchange sex. This study points to the need of a more nuanced understanding of the nature of sex work and how that is related to HIV risk and HIV prevalence. Future studies that disentangle the differences between women who exchange sex for money versus for drugs or other goods could aid in sharpening our understanding of the nature of these women's risk. The role of socioeconomic vulnerability as a precursor to or byproduct of sex work engagement would inform the usefulness of economic or educational interventions targeting this population. Effective policies and programs are predicated on rigorous research.
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